The Llanos is an extensive area of savannas and floodplains in central and western Venezuela that encompasses a gradual elevation gradient from the río Orinoco to the foothills of the Andean piedmont. The río Portuguesa is one of the major rivers in this region that until recently had escaped major anthropogenic impacts and still maintains substantial seasonal fish migrations. However, little work has been conducted on fish ecology in this river. The present study analyzes museum collections sampled at 28 locations along the longitudinal gradient of the río Portuguesa to assess similarity of species composition from the foothills of the Andean piedmont to the lowland llanos floodplain. The standardized samples used in this analysis contained greater than 133 species representing 6 orders and 27 families, dominated by characiforms (61 species) and siluriforms (52 species). Detrended correspondence analysis (DCA) ordination of samples revealed a continual pattern of compositional change, and species are added at a faster rate than they are lost as one moves from the foothills of the piedmont to the low llanos. Based on DCA, samples from three elevational segments were found to significantly differ in fish species composition. Assemblages in the upper reaches contained unique species of loricariid catfishes, small pimelodid and trichomycterid catfishes, and small characiforms not observed at lower elevations. The lowland reach contained species of cichlids, large catfishes and characids not collected from the other two regions. Samples from the middle region revealed transitional species composition. Longitudinal species turnover probably reflects differences in environmental characteristics such as a water velocity, substrate composition and disturbance regime. Findings from this broad-scale analysis contribute to a baseline for future studies of fish ecology in this region.
Introduction
The Llanos is an extensive floodplain savanna in central and western Venezuela bordered by the Andes Mountains in the northwest, the Coastal Range (Cordillera de la Costa) to the north, and the Guiana Shield to the southeast. The region encompasses a gradual elevation gradient, from approximately 30 m above sea level at the río Orinoco to 150 m above sea level at the foothills of the Andean piedmont. The eastern flank of the Andes and the llanos are drained by left bank tributaries of the río Orinoco, which flows northeast through the center of Venezuela along the edge of the Guiana Shield. Lotic habitats vary across the elevational gradient, with piedmont segments characterized by steeper slopes, faster water velocity, and coarser substrates than low-gradient channels in the llanos (Baskin et al., 1980; Winemiller, 1989c ).
The regional climate exhibits strong annual wet (late May to August) and dry (January to early May) seasonality. Average yearly rainfall is 1300 mm, with approximately 850 mm occurring between June and September (Winemiller, 1989a (Winemiller, , 1989b . During the dry season, aquatic habitats of the llanos are largely restricted to creek channels, lagoons and remnant floodplain pools. Piedmont streams have reduced discharge during the dry season, and streams in areas of extensive deforestation may dry completely [see Lilyestrom & Taphorn (1983) , Winemiller et al. (1996), and Allan et al. (2002) ]. During the wet season, broad expanses of the llanos are inundated, and piedmont streams experience flash floods of short duration (Winemiller, 1989c) . White-water tributaries draining the Andes (e.g. río Guanare, río Portuguesa) deposit nutrient-rich alluvial sediments in the llanos during flood periods. During the rainy season, many fishes migrate into lowland rivers, creeks and seasonally flooded terrain where they spawn (Winemiller, 1996) . Other species spawn in the main river channel with eggs and larvae passively transported into marginal floodplain habitats.
During the falling-water period, large mixed-species schools called "ribazónes" ascend rivers of western Venezuela from the río Orinoco floodplain and río Apure delta and support an important commercial fishery. Barbarino-Duque et al. (1998) estimated 9,360,000 individuals occupying 9.0 ha along a 2.5 km stretch of the río Apure. Upstream migrations commence at the onset of the fallingwater period, with school density decreasing as individuals settle out, are caught by fishermen, or are consumed by predators along the gradient. Recently, a combination of deforestation, overfishing, pollution, and river impoundment has had a dramatic effect on the size of ribazónes. Barbarino-Duque et al. (1998) characterized the status of ribazónes in western Venezuela as being either completely eliminated or greatly diminished in almost 80% of the primary Andean piedmont rivers (only 4 of the 24 rivers surveyed had substantial migrations).
The río Portuguesa is a white-water river in western Venezuela, extending over 300 km from its confluence with the río Apure in the lowland llanos to the foothills of the Andean piedmont ( Fig. 1) , and is one of the four rivers surveyed by Barbarino-Duque et al. (1998) that maintained a significant ribazón. Although the Portuguesa is one of the few rivers in western Venezuela that until recently remained in a relatively natural state, little work has been conducted on fish ecology in this river. In the last few years substantial deforestation in the piedmont headwaters has had a major impact, with the river almost drying completely during the most recent dry season. This study analyzes museum archives collected prior to the recent disturbances at 28 locations along the longitudinal gradient of the río Portuguesa to assess similarity of species composition from the edge of the Andean piedmont to the floodplains of the llanos, and tests for possible biotic regions of the río Portuguesa Basin. This study contributes toward a faunal baseline for future studies of fish ecology in this region.
Materials and Methods
Fish assemblage and field data were obtained from archives of the Museo de Ciencias Naturales de UNELLEZ (MCNG), Guanare, Estado Portuguesa, Venezuela. Sampling locations ranged from the low llanos near Camaguan in Estado Guarico (ca. 50 m elevation) to the foothills of the Andean piedmont (ca. 200 m elevation) northeast of Guanare, Estado Portuguesa ( Fig. 1) . Samples were included only if they fulfilled two primary requirements: 1) similar sampling methodology, and 2) high resolution location data (i.e. descriptional and/or GPS data). To reduce bias associated with sampling methodology, 
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presence/absence (i.e. species composition) data from samples collected using seines with mesh sizes between 3.2 and 6.4 mm were analyzed. Consequently, 28 of 37 available survey datasets were included in this analysis. Samples were collected by various researchers between 1981 and 1996 (Appendix A). Undescribed species were labeled by generic name only (e.g. Hyphessobrycon sp.). For cases in which species identity was questionable or unknown, all specimens and species within that genus were grouped for purposes of our analyses (e.g. Eigenmannia spp.).
To evaluate compositional similarity among sites, data were analyzed by correspondence analysis (CA) using CANOCO (Version 4, Microcomputer Power). The Guttman effect (arch effect), a mathematical artifact resulting from a systematic relationship between the first axis and subsequent axes, was present in the resulting ordination (likely the combined result of using presence/absence data and strong compositional differences among regions; Hill & Gauch, 1980; Gauch, 1982; Palmer, 1993; ter Braak & Smilauer, 1998; Quinn & Keough, 2002) . Detrended correspondence analysis (DCA) was therefore performed to remove the arch. In the DCA, we detrended by segments and the resulting axes are scaled in units of standard deviation (SD), with a half turnover of species in samples occurring in 1 SD, and full species turnover in 4 SD (ter Braak & Smilauer, 1998) .
Multivariate analysis of variance (MANOVA) and discriminant function analysis (DFA) were conducted to test for significance of groupings elucidated by DCA. Both analyses were conducted using "region" as a categorical variable and samples scores on the four axes obtained from DCA as dependent variables. Although the third and fourth DCA axes typically explain a very small proportion of the total explained variance (see Results), using variance explained on all DCA axes provides more robust MANOVA and DFA evaluations than using values from the first and second axes alone. DFA predicts region of origin for each sample, with the null hypothesis equal to the percentage of correct predictions expected by chance (in this case approximately 35%). Results from DFA are presented as percent correct classification. Both analyses were performed using the statistical package JMP (Version 4.04, SAS Institute Inc.).
Results
The 28 samples archived at MCNG included in this analysis contained at least 133 species representing 6 orders and 27 families, dominated by characiforms (61 species) and siluriforms (52 species) which together comprised 84% of all species collected (Appendix B). Most species occurred at relatively few survey sites, with 78% collected at fewer than 25% of the sites sampled. The most frequently collected species were the characids Cheirodon pulcher (Gill) and Roeboides dayi (Steindachner) (collected at 17 and 16 sites respectively), followed by siluriforms of the genus Pimelodella and gymnotiforms of the genus Eigenmannia (both collected at 15 sites; Appendix B).
The first two DCA axes are presented for interpretation (axis 1-4 eigenvalues: 0.565, 0.363, 0.268, and 0.196 respectively). Ordination of samples by DCA revealed a continuous gradient of assemblage composition along the río Portuguesa longitudinal gradient, with lowland sites (Camaguan) scoring lowest and upland sites (100-200 m) tending to score highest on axis 1 (Fig. 2 ). Middle elevation sites (100-150 m) tended to have intermediate scores on axis 1 and 2, although there was overlap with upper elevation sites (150-200 m). Overall, the three regions had significantly different DCA loadings (MANOVA, F 8,44 = 7.22, p<0.0001), and DFA correctly classified 83% of samples according to region (null of 35% correct classification). Divisions between these three regions can be roughly defined as the confluence of the río Guache with the río Portuguesa, and somewhere between the confluence of the río Cojedes with the río Portuguesa and Camaguan (an insufficient spatial distribution of sites was available in the lower reaches of the basin to more closely define the faunal break between the Camaguan and Middle regions, see Fig. 1 ).
Species composition of the Camaguan region was characterized by the large catfish species Phractocephalus hemioliopterus (Bloch and Schneider), Pseudoplatystoma fasciatum (Linnaeus) and P. tigrinum (Valenciennes) plus large characids such as the "cachama" [Colossoma macropomum (Cuvier)] and "morocoto" [Piaractus brachypomus (Cuvier)] ( Table 1) . The Camaguan region also has several smaller species that were not collected in middle and upper sites of the basin, including the poeciliid Fluviphylax obscurum (Costa) and Samples from the middle region were transitional with most all species also collected from the upper and Camaguan regions. Species composition of the Middle region more closely resembled the Upper region than the Camaguan region (Fig. 2) . Several species were only captured in the Middle region, but based on other survey information (Taphorn & Lilyestrom, 1984; Taphorn, 1992) only two of these seem to be unique to this region (Epapterus blohmi Vari, Jewett, Taphorn & Gilbert and Galeocharax sp.) . The other species that were unique in Middle region surveys are known to occur in low-llanos habitats in Apure [e.g. Agamyxis albomaculatus (Peters), Anostomus ternetzi Fernández-Yépez, Corydoras septentrionalis Gosline, Platynematichthys notatus (Schomburgk), and Potamorhina altamazonica (Cope)]. Two species not collected from the Middle region, Astronotus sp. and Pseudoplatystoma fasciatum, have been collected at other sites within this elevation range within the basin (Winemiller, 1996) .
Discussion
Based mostly on work from North America and Europe, longitudinal gradients of species composition in rivers and streams have long been recognized by aquatic ecologists [e.g. Burton & Odum (1945) ; Sheldon (1968) ; Horwitz (1978) ; Matthews (1986) ; Rahel & Hubert (1991) ]. In general, compositional changes have been characterized as distinct faunal breaks or zones reflective of species additions as environmental complexity increases downstream [reviewed in Rahel & Hubert (1991) ]. Patterns generated from temperate systems do not necessarily hold for tropical systems having greater taxonomic and ecological diversity. Yet several studies conducted on Neotropical rivers and streams over the last two decades have found significant patterns of fish assemblage differentiation along longitudinal gradients [e.g., Ibarra & Stewart (1989) ; Winemiller & Leslie (1992) ; Rodiles-Hernández et al. (1999) ; Silvano et al. (2000) ; Abes & Agostinho (2001); Bistoni & Hued (2002) ].
Our analyses examined fish assemblage composition in three elevational zones along the lower and middle reaches of the río Portuguesa (high Andean and piedmont zones were not included), which we termed the Camaguan (Lower), Middle (high llanos), and Upper regions (high llanos to piedmont transition). Assemblages of the Upper and Middle reaches are distinguished by certain species of small characiforms and siluriforms, especially loricariids. The Camaguan region differs in having more species of large catfishes, characiforms, and cichlids. Species composition in the Middle region was more similar to the Upper region than the Camaguan region. We observed highest species richness in the Middle region, in contrast to previous longitudinal gradient studies that generally have described patterns of increasing species richness in lower river stretches.
This observed pattern of species richness is probably an artifact due to sampling biases (i.e. collecting methods and effort, seasons, and habitats). For example, marginal floodplain P R O O F S pools (such as those common in the Camaguan region during the dry season) may shift to piscivore-dominated communities as the dry season progresses and small species are consumed with species diversity declining as a result. Also, some of the collections from the Camaguan region emphasized larger species (field notes of O. Castillo, UNELLEZ), and probably do not provide reliable samples of the complete fish assemblage in the lower reach of the río Portuguesa. Taphorn & Lilyestrom (1984) surveyed fishes in artificial floodplain pools in the low llanos of Apure, a region with aquatic habitats similar to those in the Camaguan region. They collected over 100 fish species, including most of the species recorded from Camaguan plus several reported only from our Middle region. The Camaguan region probably has highest species richness, and new species appear to be added at a higher rate than species are lost as one moves downstream from the piedmont to the low llanos of Apure. The distinct faunal break between the Camaguan and the Middle region suggested by the DCA ordination probably resulted from both sampling bias and a lack of sites between the Camaguan and Middle region. Data from surveys performed at additional sites in this area would probably yield a more gradual pattern of transition. Differences in species assemblage composition along the longitudinal gradient of the río Portuguesa probably reflect differences in environmental characteristics. Survey sites located at highest elevations in our Upper region experience flash floods during the wet season, have relatively coarse substrates, and tend to have narrow floodplains. Survey sites at lower reaches had finer substrates, broad floodplains that are seasonally inundated, and more lentic habitats. Several species of algivorous armored catfishes are characteristic of the Upper region, potentially due to preferences for grazing smooth rock surfaces, such as cobble (Flecker, 1997) . Ibarra & Stewart (1989) found greatest species assemblage turnover along the longitudinal gradient in association with major changes in substrate composition (i.e. absence of rock/cobble in lower stretches).
Our results are similar to findings from Baskin et al.'s (1980) study of trichomycterid and cetopsid catfishes in the Portuguesa Basin. They divided the río Portuguesa into three regions based on elevation: piedmont (above 200 m), high llanos (between 100 and 200 m), and low llanos (below 100 m). A single species (Ochmacanthus alternus Myers) was present below 100 m elevation, with 9 species found above 100 m. While these authors suggested that these species could be competitively excluded from the more diverse lowland areas, they also noted that the variation closely corresponded with a change from faster to slower-moving waters. Silvano et al. (2000) attributed faunal turnover in the Upper río Juruá of Brazil primarily to differences in water flow, as well as habitat specializations for some species (e.g. curimatids adapted for feeding on fine, organic-rich sediments).
Greater species richness of larger species in lower reaches may be associated with a more predictable (i.e. less stochastic) disturbance regime for the major aquatic habitats. Higher gradient upland reaches are more temporally variable and stochastic, and thus are expected to be inhabited by small species efficient at re-colonizing habitats following flash floods or other disturbances such as desiccation [sensu Schlosser (1987) ]. In contrast, fish assemblages in tropical floodplain systems undergo seasonal changes determined by physical characteristics of the aquatic habitat and biotic interactions, both of which vary according to hydrological stage (Boujard, 1992; Rodríguez & Lewis, 1994; Winemiller, 1996; Tejerina-Garro et al., 1998; Arrington, 2002; Hoeinghaus et al., 2003) .
Large-scale seasonal migrations of some species during rising-and falling-water periods could have a homogenizing effect on species composition during these periods. Our analysis included samples from different hydrologic periods, which could have reduced spatial variation in assemblage composition. Nevertheless, significantly different regional species compositions were observed. Results from this broadscale approach are applicable to the development of future studies of fish ecology in the río Portuguesa, and the baseline this work provides for research and conservation is especially important in light of recent environmental threats (e.g. piedmont deforestation) within the basin. that led to datasets that were combined with datasets from our own surveys for the present analysis. David Jepsen and Tamara McGuire assisted with río Portuguesa fish surveys in 1996. Pitágoras Piana and Milza Abelha translated the abstract to Portuguese. We are grateful for comments from Ana Petry and an anonymous reviewer. Funding for some of the surveys was provided by National Geographic grant 5609-96 to the second author. Funding during the period of data analysis was provided by a Society of Wetland Scientists Student Research Grant to the first author and a U.S. Fulbright Fellowship to the second author. 
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